The crop plants are the major source of human nutrition, but insects and pests cause huge economic losses every year. The authors were interested in developing novel insecticidal agents with low toxicity and an acceptable impact on the environment. Thus, 2-amino-5-(substituted)-1, 3, 4-thiadiazoles (1a, b) were used as versatile materials to synthesize novel compounds through reaction with different electrophiles. The insecticidal activity of the synthesized compounds was tested using 4th instar larvae of spodoptera littoralis. Most of the tested compounds showed good to excellent insecticidal activity. Thus, the synthesized compounds could be used in the field of pest control through using them in proper pesticide formulations.
INTRODUCTION
It is well established that 1,3,4-thiadiazoles and their derivatives exhibit a broad spectrum of biological activities not only in research on drugs as anticancer (Flefel et al. 2017) , antimicrobial (Rezki et al. 2015] , antituberculosis (Patel, et al. 2017) anticonvulsant (Rahman et al. 2014 ), antiviral (Yu et al. 2017 or anti-inflammatory activities (Maddila et al. 2016) but also in pesticide research such as antifungal (Zhang et al. 2014) , insecticidal (MO et al. 2015 , Li et al. 2014 , Qian et al. 2013 showed good to excellent insecticidal activity.
MATERIALS AND METHODS

1-Chemistry:
All melting points are uncorrected and were determined on a Gallen Kamp electric melting point apparatus. The microanalyses were within ± 0.4% of theoretical values and were carried out at the Microanalytical Centre, National Research Centre, Cairo, Egypt. IR spectra (in KBr) were recorded on Shimadzu FT-IR 8101 PC using the OMNIC program and are reported as frequency of absorption in cm−1.
1H-NMR spectra were recorded on a Bruker spectrophotometer at 400
MHz using tetramethylsilane (TMS) as internal standard. 13C-NMR spectra were recorded on the same spectrometer at 100 MHz. Electron Ionization (EI)-MS were measured on a Shimadzu-GC-MS-QP-1000 EX mass spectrometer instrument operating at 70 eV. The purity of the new synthesized compounds was checked by 0.2 mm layer thickness Fluka aluminum-backed TLC plates with detection by UV quenching at 254 nm.
The starting thiadiazoles 1a, b were prepared according to Mullick et al. method (2011) . H, 2.84; N, 19.90; Cl, 16.82; S, 15.16. Found: C, 45.85; H, 3.13; N, 20.20; Cl, 16.49; S, 15 .55. C, 31.68; H, 1.98; N, 13.86; I, 41.91; S, 10.56. Found: C, 32.00; H, 2.19; N, 14.21; I, 42.29; S, 10.20 .
5-(2-
Chlorophenyl
5-(4-
Iodophenyl
1-(4-Chlorophenyl)-N-(5-(2-chlorophenyl)-1,3,4-thiadiazol-2-yl)-methanimine (2).
A mixture of compound 1a (0.01 mol, 2.11 g) and p-chloro-benzaldehyde (0.01 mol, 1,41 g) was fused at 150 oC for 4 h. The mixture was left to cool at room temperature and the solid product was collected, and recrystallized to give 2. A mixture of 1a (0.01 mol, 2.11 g) and arylidene cyanoacetate 3 (0.01 mol, 2.33 g) in ethanol (20 mL) was refluxed for 3 h in the presence of 1 ml of piperidine as a catalyst. The reaction mixture was poured onto ice-cold water, acidified with dilute HCl, the precipitated solid was filtered off, dried and recrystallized to give 4 . H, 2.50; N, 14.00; Cl, 17.50; S, 8. 00. Found: C, 53.69; H, 2.68; N, 13.70; Cl, 17.88; S, 8.39 . A mixture of 1a (0.01 mol, 2.11 g) and arylidene malononitrile 7 (0.01 M, 2.04 g) in ethanol (20 mL) was refluxed for 3 hr. in the presence of 1 ml of piperidine as a catalyst. The reaction mixture was poured onto ice-cold water, acidified with dilute HCl, the precipitated solid was filtered off, washed with water, dried and recrystallized to give 8. A mixture of 1a (0.005 mol, 1.05 g), p-chlorobenzaldehyde (0.005 mol, 0.705 g) and ethyl acetoacetate (0.005 mol, 0.65 mL) was heated at 60˚C under solvent-free conditions for 5 h. The reaction mixture was allowed to cool, then the product was collected, washed 3 times (3 × 20 ml) with water and diethyl ether, dried and recrystallized to produce 9. A mixture of 1a (0.01 mol, 2.11 g) and ethyl cyanoacetate (0.01 mol, 1.13 mL) was fused for 3 h, then left to cool at room temperature. The solid residue was collected, and recrystallized to produce 12. 
7-
2-(2-Chlorophenyl)-N-phenyl-7,7a-dihydro-6H-[1, 3, 4]thiadiazolo[3,2-b]-[1,2,4]thiadiazol-6-imine (15).
A mixture of 1a (0.01 mol, 2.11 g) and phenyl isothiocyanate (0.01 mol,
1.35 g) in dioxane (20 mL) was refluxed for 3 hr., then the mixture left to cool, poured into ice-cold water. 
Dimethyl (5-(2-chlorophenyl)-1,3,4-thiadiazol-2-yl)carbonimidodithioate (16).
To a , 41.90; H, 3.17; N, 13.33; Cl, 11.11; S, 30.47. Found: C, 42.22; H, 2.91; N, 12.98; Cl, 11.49; S, 30.09 .
N-(5-(2-Chlorophenyl)-1, 3, 4-thiadiazol-2-yl)benzenesulfonamide (17).
A mixture of 1a (0.01 mol, 2.11 g) and benzenesulfonyl chloride (0.01 mol, 1.76 g) in dry pyridine (15 mL) was heated in sand bath at 150-160°C
for 3 h. The reaction mixture was left to cool at room temperature and poured onto ice-cold water, acidified with dilute HCl. 
N-(5-(2-Chlorophenyl)-1, 3, 4-thiadiazol-2-yl)acetamide (18).
A solution of 1a (0.05 mol, 1.05 g) in acetic anhydride (10 ml) was refluxed for 10 min, then left to cool, and poured onto ice cold water with vigorous stirring. The separated material was collected by filtration, washed with water, dried and recrystallized to produce 18. 
2-Chloro-N-(5-(4-iodophenyl)-1, 3, 4-thiadiazol-2-yl)acetamide (21)
To a suspension of 1b (0.006 mol, 1.78 g) in dry benzene (20 mL) mixed with dry pyridine (2 mL), chloroacetyl chloride (0.006 mol, 0.7 mL) in dry benzene (10 mL) was added dropwise with stirring. 
INSECTICIDAL ACTIVITY
Susceptible strain Insect: The cotton leaf worm strain in the present study was taken from field colony and reared in central agricultural pesticide laboratory. This strain was obtained from Sharkia governorate. The strain was kept under laboratory conditions at 25 ± 2°C and 65 ± 5% relative humidity away from any chemical pressure.
Chemicals used:
The newly synthesized thiadiazole derivatives.
Method of bioassay technique:
The effects of the synthesized thiadiazole derivatives on 4th instar larvae of S. Littoralis were determined using the leaf dipping technique to simulate the actual treatments under field conditions (Ahmed, 2009) . A stock solution of each chemical was freshly prepared.
Subsequent water dilution was made to achieve serial concentrations of 250, 500, 750, 1000 and 1250 ppm. Fresh castor bean leaves were dipped in each concentration for ten seconds then left to dry. The treated leaves were transferred to petri-dishes and ten larvae were placed in each one then it was covered. Leaf discs immersed in distilled water were used as control treatment. On drying, the leaf discs were placed in individual Petri dishes (9-cm diameter). Each treatment (concentration) was replicated 3 times, including water solvent control. Ten of 4th instar larvae were placed on each leaf disc (replication), and thus the total number of tested larvae per concentration was 30. Mortalities were recorded 24 hours after insecticides treatment. Mortality data were corrected using Abbott, s formula (Abbott, 1925) and subjected to statistical analysis by the method of Finney (1952) .
The LC50 and toxicity index were also estimated.
RESULTS AND DISCUSSION
Chemistry: The starting materials 1a,b were prepared as previously reported by Mullick et al. (2011) . When compound 1a was fused with pchlorobenzaldehyde for 4h, 1-(4-chlorophenyl)-N-(5-(2-chlorophenyl)-1,3,4-thiadiazol-2-yl)methanimine (2) was obtained in a good yield. The structure of the Schiff base 2 was elucidated from its spectral data, where the IR spectrum devoid any bands for the NH2 group, while 1HNMR spectrum showed (s, 1H) at 9.16 corresponding to the aza-methine proton (CH=N).
Reaction of 1a with the ethyl 3-(4-chlorophenyl)-2-cyanoacrylate (3) in
refluxing ethanol containing few drops of piperidine, produced the unexpected cyanopyrimidine derivative 4 as a sole product and not 5 or 6.
The spectral data of 4 were in accordance with the proposed structure, where the IR showed the presence of two peaks at 3337 and 2213 cm-1 corresponding to OH and CN groups respectively. Also, 1HNMR showed two at 3.82 (s, 1H, benzylic-H) and 10.43 (s, 1H, OH, D2O exchangeable).
While the reaction of 1a with 2-(4-chlorobenzylidene)malononitrile (7) furnished the enaminonitrile derivative 8 (Scheme 1).
The structure of 8 was supported by its IR spectrum which displayed characteristic peaks at 3339, 3235 and 2211 cm-1 for NH2 and CN, respectively. Also, 1HNMR displayed a signal at 9.14 (s, 2H, NH2, D2O exchangeable). On the other hand, when compound 1a was fused at 60oC for 5h with pchlorobenzaldehyde and ethyl acetoacetate, 6-acetylpyrimidinone derivative 9 was obtained. The proposed structure was in accordance with the spectral data, where the IR showed the following peaks: 3159 cm-1 (NH), 1698 and 1649 cm-1 (2 C=O). Also, the 1HNMR spectrum displayed two peaks at 2.23 (s, 3H, COCH3) and 12.67 (s, 1H, NH, D2O exchangeable).
Scheme (1):
Compound 1a was also subjected to the reaction with different active methylene compounds under different conditions. Thus, when 1a was refluxed with ethyl cyanoacetate in the presence of sodium methoxide as a base, aminopyrimidinone derivative 10 was produced in 58% yield. While, when the same reaction was carried out under fusion conditions, it furnished the cyanoimidazolone derivative 12 (Scheme 3).
The structure of 10 was elucidated from its spectral data where the IR spectrum exhibited peaks at 3287, 3102 and 1693 cm-1 corresponding to NH2 and C=O groups, respectively. Also, the MS spectrum showed a molecular ion peak at 278. The IR of 12 showed peaks at 2261 (CN) and 1701 (C=O), the MS spectrum exhibited molecular ion peak at 276.
Compound 12 was formed through the intermediate 11 (not isolated) which was produced from the elimination of ethanol molecule, followed by ring closure through elimination of hydrogen molecule.
Reaction of 1a with diethylmalonate under either fusion condition or refluxing in acetic acid produced the pyrimidindione derivative 13. The structure was approved by the presence of two peaks at 1701 and 1683 cm-1 corresponding to two carbonyl groups. Also, 1HNR showed a peak at d 2.21 (s, 2H, CO-CH2-CO), and molecular ion peak at 279. The study was extended to investigate the reactivity of 1a towards some reagents containing sulfur. Thus, the reaction of 1a with phenyl isothiocyante in refluxing dioxane produced 1,3,4-thiadiazolo-1,2,4-thiadiazol-6-imine derivative 15 which was formed through the cyclization of the open chain intermediate 14.
The structure of 15 was confirmed by the presence of two peaks at 3329
and 3252 cm-1 (NH) in its IR spectrum, and 1HNMR showed two peaks at 3.56 (s, 1H, N-CH-N) and 10.52 (s, 1H, NH, D2O exchangeable).
Thiomethylation of compound 1a took place by the reaction with sodium hydroxide and carbon disulfide followed by the addition of methyl iodide to afford dimethyl (5-(2-chlorophenyl)-1,3,4-thiadiazol-2-yl)carbonimidodithioate (16). The structure was supported by the IR spectrum which devoid any bands for the NH2 group, while 1HNMR spectrum showed a peak at 4.24 (s, 6H) corresponding to two methyl groups. Also, the mass spectrum showed a molecular ion peak at 315 which is in accordance with the proposed structure.
The reaction of 1a with benzenesulphonyl chloride produced the expected product N-(5-(2-chlorophenyl)-1,3,4-thiadiazol-2-yl)-benzenesulfonamide (17) through the elimination of HCl molecule (Scheme 4). The spectral data of 17 showed a peak at 3286 cm-1 in the IR spectrum corresponding to NH group and 1HNMR spectrum exhibited a peak at 7.42 (s, 1H, NH, D2O exchangeable). (17) Also, compound 1a underwent acetylation reaction using acetic anhydride to produce N-acetylthiadiazole derivative 18, where its structure was approved by the IR spectrum which showed two peaks at 3161 and 1699 cm-1 corresponding to NH and C=O groups, respectively. Its 1H-NMR spectrum displayed signals at d 2.23 (s, 3H, COCH3) and 12.67 (s, 1H,NH, D2O exchangeable), beside a molecular ion peak at 253 in its MS spectrum.
Scheme(4): Methods of synthesis of compounds
Reaction of 1a with diethyl acetylenedicarboxylate (DADC) in refluxing methanol afforded ethyl [1, 3, 4] thiadiazolo [3,2-a] pyrimidine-7-carboxylate derivative 20. The reaction proceeded via a tetrahedral mechanism giving the intermediate 19, which underwent cyclization to produce the 20. The structure was established depending on the spectral data, where the IR exhibited two peaks at 1744 and 1640 cm-1 for the two carbonyl groups, the 1HNMR showed two peaks for the ethyl ester group at 1.35 (t, 3H, CH2-CH3) and 4.43 (q, 2H, CH2-CH3) and the MS displayed a base molecular ion peak at 335.
Finally, compound 1b was reacted with chloroacetyl chloride in the presence of pyridine to furnish the chloroacetamide derivative 21 via tetrahedral mechanism followed by elimination of HCl molecule (Scheme 5).
Compound 21 exhibited a keto-enol tautomerism where the enol form is stabilized by the hydrogen bond with the N-atom of the ring. this was supported by the presence of two peaks in the 1HNMR spectrum at 12.65 (OH) and 13.06 (NH). Also, the IR spectrum showed peaks at 3431, 3159 and 1701 cm-1 corresponding to NH and C=O, respectively, beside the MS which showed a molecular ion peak at 379. (21) 2-Insecticidal activity: The data listed in Table ( The insecticidal activity of the synthesized tested pyrimidine derivatives also could be expressed as the value of the toxicity index to be as follow 8, 4, 13, 10 and 20 where their toxicity indexes were 100, 99.96, 64.98, 31.81 and 18 .99 respectively as calculated using LC50 of the most potent compound. The data listed in Table ( 2) and illustrated by Fig. (2) and (3) revealed the insecticidal activity of the synthesized thiadiazole derivatives expressed as mortality percentages, LC50, LC90 and toxicity indexes.
Scheme(5): Methods of synthesis of compounds
The data concluded that, the mortality percentage of the tested thiadiazole derivatives is directly proportional with the concentration of the tested compounds. The intensive study of these data reveal that, compound 9 was the most The previous arrangement of the tested thiadiazole may be declared by studying the structure of the synthesized compounds where, the presence of electron withdrawing group as carbonyl group (C=O) and chlorine atom (Cl) in p-position of benzene ring attached to the thiadiazole ring facilitate the erosion of the thiadiazole moiety to interfere with the RNA in the processes of protein synthesis. Also as their number in the molecule increase the compound bioactivity also increase, again, as the electronegativity of the substituents group increases, the bioactivity of the synthesized product also increases.
Generally, the insecticidal potency of the thiadiazolopyrimidine derivatives were more than the other thiadiazole derivatives. This may be explained in terms of the presence of pyrimidine moiety and the effect of the substituents present on it.
The synthesized compounds could be used in the field of pest control using them in proper pesticide formulations.
CONCOLUSION
Many thiadiazole derivatives were prepared from commercially available materials. The newly synthesized compounds were tested against 4th instar larvae of S. Littoralis , most of the tested compounds showed good activity.
Thus, the synthesized compounds could be used in the field of pest control using them in proper pesticide formulations. 
